ABSTRACT: Background: As many as 20% of individuals with the clinical diagnosis of Parkinson's disease (PD) do not have the characteristic neuropathologic features of PD at post mortem. The striatonigral degeneration (SND) subtype of multiple system atrophy is one of the categories of pathology which may be incorrectly diagnosed as PD on the basis of clinical presentation. SND may be associated with increased iron deposition in the putamen which can be detected with magnetic resonance imaging. Methods: We have estimated regional brain iron content in a patient with probable SND, using a novel imaging method developed in our laboratory, and have compared the results in this patient to those which we have previously reported in patients with PD and in age-matched controls. Results: We observed that putamenal iron content was increased in our SND patient, beyond the 95% confidence limit for inclusion in the PD group, even when considering clinical severity. In contrast, pallidal and thalamic iron were within the PD range. Conclusions: The demonstration of increased putamenal iron content may be a useful adjunctive investigative procedure in patients with suspected SND. RESUME: Evaluation du contenu en fer des noyaux lenticulaire, caude, amygdalien et de I'avant-mur au moyen de la resonance magnetique dans la degenerescence striatonigrale. Introduction: Au moins 20% des patients qui ont un diagnostic clinique de maladie de Parkinson (MP) n'ont pas les caracteristiques neuropathologiques de la MP a l'autopsie. La degenerescence striatonigrale (DSN) est un sous-type d'atrophie multisystfimique qui est une des pathologies incorrectement diagnostiqees comme MP a cause de sa presentation clinique. La DSN peut etre associee a une augmentation du fer dans le putamen qui peut etre detected par la resonance magnetique (RM). Methodes: Nous avons evalue le contenu regional en fer du cerveau chez un patient probablement atteint de DSN au moyen d'une methode utilisant la RM d6velopp6e dans notre laboratoire. Nous avons compare les resultats chez ce patient a des resultats que nous avons deja publies chez des patients atteints de MP et chez des controles apparies pour Page. Resultats: Nous avons observe que le contenu en fer du putamen etait augmente chez notre patient atteint de DSN, au dela de la limite de confiance de 95% pour 1'inclusion du patient dans le groupe MP, meme apres consideration de la sev6rite clinque de la maladie. Pas contre, le contenu en fer du pallidum et du thalamus etaient dans I'ecart de ceux de la MP. Conclusion: La demonstration que le contenu en fer est augmente dans le putamen chez les patients chez qui on soupconne une DSN peut etre utile dans I'investigation de ces patients.
The diagnosis of Parkinson's disease (PD), although straightforward in many patients, is not without its challenges. As many as 20% of individuals with this clinical diagnosis do not have the characteristic neuropathologic features of PD at post mortem.' One of the categories of pathology which may be incorrectly diagnosed as PD on the basis of clinical presentation is the family of disorders termed "multiple system atrophy" (MSA) . These disorders include striatonigral degeneration (SND), Shy-Drager syndrome, and sporadic forms of olivopontocerebellar atrophy. Magnetic resonance (MR) imaging may help differentiate these disorders from idiopathic PD by virtue of the decreased signal from the basal ganglia which may be evident on T 2 -weighted images in some patients with MSA. 2 -3 Although numerous factors have a potential effect on T 2 values, the changes on these images have been generally ascribed to increased iron deposition in the basal ganglia. 4 More specific MR methods to measure relative regional brain iron levels in living patients with PD have recently been reported.
5
- 6 These techniques are relatively insensitive to other factors which shorten T 2 values and have suggested significant increases in iron content in the substantia nigra 5 as well as both pallidum and putamen 6 in idiopathic PD. These increases correlate with the severity of clinical symptomatology. We now report the in vivo estimation of basal ganglia iron content with MR in a patient with a clinical diagnosis of the SND variant of MSA and contrast these findings to those which we have previously reported in PD.
PATIENT DESCRIPTION This right-handed female patient first developed neurological symptoms at age 50, when she observed micrographia. She was diagnosed as having PD shortly afterward and was started on levodopa/carbidopa about one year later because of general bradykinesia. She complained of a continued gradual progression of symptoms, observing that her movements had become generally slow, that her gait had become unsteady and shuffling, and that she had some impairment of dexterity in her upper limbs. By 3 years after symptom onset, she was receiving sustained release levodopa/carbidopa 200/50 qid. She observed a definite improvement of motor symptoms in response to this medication, but reported end-of-dose deterioration with each dose lasting for only about 4 hours.
Neurological examination at this time, 3 years after symptom onset and about 2 hours after receiving a single tablet of sustained release levodopa/carbidopa 200/50, showed normal higher cortical functions with a score of 29/30 on the mini-mental status scale. 7 There was considerable hypomimia but cranial nerves were otherwise normal. A moderate degree of axial and limb rigidity was present, and there was marked bradykinesia. There was no tremor or other abnormal involuntary movements. Deep tendon reflexes were symmetric, and plantar responses flexor. Finger-nose and heel-shin tests were normal. Her posture was flexed, her gait slow and shuffling, and her postural reflexes impaired. BP was 150/90 when supine and 160/90 when standing.
Over the following 6 months, she experienced rapid deterioration in her speech and swallowing. Bromocriptine was introduced and slowly increased to 5 mg tid without symptomatic benefit. She complained of a lack of mental clarity at this dose and discontinued the bromocriptine. Pergolide was subsequently introduced with some symptomatic benefit at a dosage of 0.75 mg bid.
Symptoms and signs continued to progress over the following 2 years. By 5 years after the initial symptoms, she was virtually mute, requiring a keyboard for communication. She reported that it took 2 hours to eat each meal. There was no evidence of cognitive impairment. Eye movements were normal. There was marked antecollis and considerable drooling. There was severe bradykinesia affecting all voluntary movements and rigidity of all limbs. There was considerable anteropulsion and impairment of postural reflexes to the extent that she required the use of a walker to maintain an upright posture. She had violaceous hands and urinary incontinence. BP was 130/80 when supine and 90/60 when standing. At this time, she was receiving a total of 1000 mg of levodopa and 1.5 mg of pergolide daily with no apparent therapeutic benefit.
MAGNETIC RESONANCE METHODOLOGY AND RESULTS
About 4 years after the initial development of symptoms, the patient underwent MR imaging using a novel method which we have described in detail previously. This method provides an estimate of regional brain iron concentration, based on the observation that cellular compartmentalization of large paramagnetic susceptibility differences can promote large increases in relaxation rates that are in turn highly sensitive to interecho times of certain MR pulse sequences. 89 We have shown that the echo time dependence of the transverse decay rate R 2 ' (l/T 2 ') can be used to provide an index of the tissue concentration of iron which is sequestered within cells. 10 We have also demonstrated, in excised brain tissue, a close linear relationship between this echo time dependence and the direct measurement of iron concentration with atomic absorption spectroscopy." Our methodology yields a single parameter, which we have termed AR 2 ', for each region of interest (ROI). This parameter captures the degree of regional relaxation enhancement, thus providing a quantitative index of tissue iron content.
We compared AR 2 ' measurements from pallidum, putamen, and thalamus in this patient with those which we have described previously in 12 patients with idiopathic PD and 13 agematched normal controls. 6 Quantitative AR 2 ' values are listed in the Table. Our patient had a substantial increase in putamenal iron, as indicated by increased AR 2 ', in comparison to patients with PD. Because both pallidal and putamenal iron increases with clinical disease severity in PD 6 and because our patient had advanced clinical features, we compared these measurements to the expected range of AR 2 ' values in PD occurring as a function of disease severity (see Figures l and 2) . Even when considering clinical severity as indicated by the motor subscale of the UPDRS' 2 and by the Schwab and England activities of daily living score, 13 the putamenal AR 2 ' value in our patient exceeded the 95% confidence limit for inclusion in the PD group (see Figure  1) . In contrast, the pallidal value remained well within the 95% confidence limit for inclusion in the PD group (see Figure 2 ).
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DISCUSSION
Our patient presented with a sporadic, adult-onset parkinsonian syndrome consisting primarily of bradykinesia and rigidity, which was initially responsive to levodopa. With disease progression, however, the parkinsonian features worsened substantially, became very poorly responsive to levodopa, and became associated with evidence of symptomatic autonomic failure.
These features are consistent with a diagnosis of probable multiple system atrophy, SND type. 14 A correlation between neuropathological and MRI abnormalities in SND has been reported previously. [15] [16] [17] These reports indicate a "slit-like void signal" in the putamen on T 2 weighted images in patients with the typical neuropathological findings of SND. Lang et al. reported a correlation between this signal loss and increased iron deposition in the putamen demonstrated post mortem by Perls' stain. 16 In contrast, Schwarz et al. observed an imperfect correlation between putamen iron deposition and low signal changes on T 2 images with increased iron in only one of two patients reported. 17 Some, but not all, patients also appear to have a thin band of high signal change in the lateral putamen. 17 Our results are consistent with these previous reports and indicate that in vivo estimates of putamenal iron content with MR may be useful in confirming a diagnosis of SND in the appropriate clinical setting.
These observations suggest that putamenal pathology is particularly prominent in this disorder. This is consistent with the established neuropathological findings of neuronal loss and reactive gliosis in the putamen in SND, and with the previous report of Lang et al. 16 of a high concentration of iron occurring within the putamen. This is also consistent with the observations of Eidelberg et al. 18 who have demonstrated substantial abnormalities in the putamen with positron emission tomography, with severe putamenal hypometabolism in SND as opposed to the normal putamenal metabolism which is typical of PD. Although neuronal loss and gliosis may also be present in the pallidum, our observation that changes in iron content are similar in severity to that seen in idiopathic PD suggests that pathological and/or radiological changes in this structure may be less specific for SND in contrast to changes in the putamen. Significant neuronal loss with accompanying gliosis is also typically present in the substantia nigra in SND. We were unable to address the possibility of altered nigral iron content because of the small size of this structure and the sensitivity of our MR method to artifacts resulting from small head movements. Others, however, have reported increased iron levels in both the substantia nigra and the putamen in SND. 19 Striatonigral degeneration is primarily a neuropathological diagnosis, although there is a typical complex of clinical features which may be very suggestive of this disorder. Our results suggest that the in vivo estimation of regional brain iron content with appropriate MR methods may be a useful adjunct in the investigation of patients with atypical PD. The specificity and sensitivity of these changes which we have observed, however, require further study.
